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SUMMARY

An investigation was made in the Langley high—speed T— by 10—foot
tunnel to determine the high—speed longitudinal stability and control
characteristics of a 0.10-acale model of the Grumman XF9F—2 airplane in
the Mach number range from 0.40 to 0.85.

The results indicated that the 1ift and drag force breaks occurred ab
a Mach number of about 0.76. The aerodynamic—center position moved rear—
ward after the force break and control position stability was present for
all Mach numbers up to a Mach number of 0.85 except for a slight insta—
bility around a Mach number of O. 80,

JNTRODUCTION

At the request of the Bureau of Aeronautics an investigation of the
high—speed longitudinal stability and control characteristics of a
0.10-scale model of the Grumman XFOF—2 girplane was conducted in the
Langley high—speed T— by 10—foot tunnel. :

This paper presents the results of the longitudinal stability and
control investigation at Mach numbers ranging from 0.40 to O. 85. Pitch
tegts were conducted. for various elevator and gtabilizer settings and
included tests to determine the effect of adding a horn balance to the
elevator. The effect of wing—tip tanks on the longitudinal stability
characteristics of the model was also investigated.
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COEFFICIENTS AND SYMBOLS

The stability system of axes used for the presentation of the data,

together with an indication of the positive forces, moments and angles,
is presented in figure 1. Pertinent symbols are defined as follows:

1ift coefficient (Lift/qS)

drag coefficient'(Drag/qS)

pitching-moment coefficient measured about the 25—percent mean—
geometric—chord position (Pitching-moment/qSc!)

free—gtrean dynamic pressure, pounds per square foot <?%i>

mass density of air, slugs per cubic foot
free—gtream velocity, feet per second
wing area, square feet

wing mean geometric chord (M.G.C.), feet
wing span, feet

Mach number (V/a)

velocity of sound, feet per second

]
Reynolds number <?ﬁ° )

absolute viscosity, pound-seconds per square foot

angle of attack of model, meagured from the X-axis to the
fuselage reference line, degrees

elevator deflection with reference to gtabllizer chord line,
degrees '

gtabilizer setting with referencé'to fuselage reference line,
degrees ‘
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APPARATUS AND METHODS

Tunnel and Model

The tegts were conducted in the Langley high—speed T— by 10—foot
tunnel, which is a closed rectangular tummel of the return—flow type with
a contraction ratio of 15.7 to 1.

The 0.10—gcale model was constructed at the David Taylor Model Basin,
Carderock, Maryland. It was constructed entirely of steel. Details of
the model as tested are presented in figures 2 and 3. The model was
tested through a Mach number rarnge of 0.L0 to 0.85 at various angles of
attack on the sting support shown in figure 4, Elevator and stabilizer
effectiveness and the effect of the wing—tip tanks (see table I) were
investigated throughout the Mach number and angle—of-attack ranges.

The variabtion of test Reynolds number with Mach number for average
test conditions is presented in figure 5. The degree of turbulence of the
tunnel is not known but is believed to be small because of the high con—
traction ratio. Experience has indicated that for a model of this size
congtriction effects should not invalidate the test results at corrected
Mach numbers below about 0.91.

Support System

A sting support system was used to support the model in the tunnel
and a photograph of the test setup is presented as figure k., The sting
extended from the rear of the fuselage Lo a vertical strut localed behind
the teat section. This strut was mounted on the tunnel balance system and
was shielded from the air stream by a streamline fairing. The tare forces
and moments produced by the sting were determined by mounting the model on
two wing stings, which were also attached to the vertical strut, and testing
the model with and without the center sting. With the center gting in
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place the duct flow was by-passed through a hole in the underside of the
aft portion of the fuselage while without the center sting the flow was
~hausted out of the rear of the fuselage. Therefore, the corrected data
represent the. condition with flow out of the rear of the fuselage. Angles
of attack were changed by the use of interchangeable couplings in the

gstings aft of the model. The deflections of the support system under load
were debtermined from statlc loading tests.

Corrections

The tegt results have been corrected for the tare forces and moments
produced by the support system. The Jet—boundary corrections were computed
from the following equations, which were determined by the method of

o
reference 1

o= a + O.26CL
O = G + 0.,0045C;2
p = Cp, *+ O- T

Oy = Gy + 0.00TCy,

where the subscript m Indicates measured value.

The drag has been corrected for the buoyancy produced by the longi—
tudinal stetic-pressure gradient in the tummel, and the dynamic pressure
and Mach number have been corrected for blocking by the model and its
wake by the method of reference 2.
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RESULTS AND DISCUSSION

Basic Data

The basic data for the various configurations teated are presented
in the following table: ’

Type of test ~ Tip tanks Elevator Figure
Elevator effectiveness On Plain 6
Elevator effectiveness ors Plain T
Elevator effectiveness On Horn balanced 8
Stabilizer On Plain 9

General Aerodynamic Characterisgtics

A sumary of some of the more important aerodynamic parameters as
evaluated from the basic data 1s presented.in figures 10 and 11.

Lift and drag.— The lift—curve slope (fig. 10) increases with Mach
number up to a Mach number of about 0.76, above which there is a rapid
reduction. The end—plate effect of the wing-tip tanks increased the 1ift—
curve slope by about 15 percent at a Mach number of 0.40 and by about
20 percent at the force break Mach number of 0.76. Above the Mach number
for 1ift force bresk the effect of the tip tanks rapidly diminished. TLow—
gpeed wind—tunnel tests of a similar configuration (reference 3) indicate
a tank effect of the same order of magnitude as that obtained at the
lowest Mach number in the present investigation.

The drag at zero 1lif't (fig. 10) decreases slightly with increasing
Mach mumber up to the drag force break Mach number of about 0.76. This
effect has been observed on other models and has been atiributed to the
increase in Reynolds number with increasing Mach number. Above a Mach
number of 0.76 there is a rather rapid drag rise due to the onset of
compressibility effects. The wing—tip tanks added a constant drag—
coefficient increment of about 0.002 up to a Mach number of about 0.76.
The rate of increase of drag coefficient with Mach number above the drag
break Mach number was somewhab greater with the wing—tip tanks on than
with them off.
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The maximum value of the lift—-drag ratio (fig. 10) is fairly constant
up to a Mach number of about 0.75, above which it decreases. Except at
the low Mach numbers the maximum 1lift—drasg ratio is greater for the tip—
tanka~off condition. The effect of the wing-tip tanks on the variation
of the lift-drag ratio with 1ift coefficient for several Mach numbers is
presented in figure 11. Only at the lower Mach numbers in the high 1ift
range where the induced drag is important is there an increase in the 1ift—
drag ratio due to the end—plate effect of the wing-tip tanks.

Control effectivenegs.— The elevator and stabilizer effectiveness
increased slightly with Mach number up to 0.76 and 0.80, respectively,
above which they both decreased rapidly. The horn balance ('fig. 3) had a
negligible effect on the elevator effectiveness (figs. 6 and 8) as did the
wing-tip tanks (fig. 7). The ratio of elevator to stabilizer effective—
ness at a Mach number of 0.40 is gbout 0.76. Although this ratio seems
high when compared with an eatimated value of flap 1ift effectiveness of
about 0,62 (reference 4), it is in good agreement with low—speed wind—
tunngZ)L tests of a larger scale model of the same airplane (references 5
and .

Aerodynapmic cgenter.— The rate of change of pitching-moment coef-—

. 10
mg, (fig. 1 ‘)
-is a measure of the aerodynamic—center location relstive to the assumed
center—of—gravity position in percent of the mean geometrlic chord. The
aerodynamic center is seen to move forward from about 10 percent behind
the center of gravity at a Mach number of 0.40 to about 8 percent at a
Mach number of 0.76 and then moves rapidly rearward. The wing—tip tanks
shifted the aerodynamic center forward by about 1 percent throughout the

. Mach number range.

Egtimated Flight Characteristics

Performance.— The varlation of the 1ift coefficient required for
level flight with Mach number for various wing loadings and altitudes is
presented in figure 12, Also presented are the 1lift—drag ratios corre—
sponding to the level—flight 1ift coefficients. The variation of these
lift-drag ratios illustrates the advantage of flying at the higher altitude.

Static longitudinal stability.— The variation of the elevator position

‘with Mach number is presented in figure 12 for various wing loadings and

altitudes, Control position stability is present throughout the Mach
number range except for a small region around a Mach number of 0.80. How—
ever, the trim changes assoclated with this ingtability are very slight,
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Maneuvering stabllity.— The response of an alrplane to gusts and
rapid control deflectlons is governed by the location of the aerodynamic
center and the damping of the horizontal tail., Tnasmuch as the damping
of the tall will be stabilizing and the aerodynamic—enter position
(fig. 10) is never less than 8 percent of the mean geometric chord behind
the assumed center—of—gravity position, maneuvering stability will be
pregent throughout the Mach number range tested.

CONCIUSIONS

Based on high-speed wind-tunnel tests of a 0.10-scale model of the
Grumman XFOF—2 airplane in the Mach number range from 0.40 to 0.85, the
following conclusions have been reached:

1. Lift and drag force breaks occurred at a Mach number of sbout 0.76.

2. The position of the aserodynamic center moved forward only‘abou'b
2 percent of the mean geocmetric chord up to the force bresk and moved
rearward rapidly after the force break.

3. Control position stabllity was present throughout the Mach number
range except for a small region around a Mach number of 0.80. However,
the trim changes associated with this ingtability are very slight.

., Wing—’cip. tanks had minor effects on the stability characteristics
but decreased the lift—drag ratio at the higher Mach numbers.
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5. The horn balance had a negligible effect on the elevator
effectiveneas.
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TABTE I.—~ ORDINATES OF WING-TIP TANKS

GREIERTIEE
r /_;G: fuselage form 332 (modified) D=5 _
-t L = ll.ll-" Pa—
Station Ordinate
(percent length) (percent length)
0 o
.80 2,667
1.69 3.825
2,81 4,865
3.92 5.670
6.16 6.865
8.33 T.667
10.63 8.375
15.00 9,133 ,
19.57 9.620
24,00 9,800
28,50 9.925
3%4.33 9.987
39.23 10,000
46,37 9.973
50.67 9.867
55.31 9.760
59.67 9.507
64.25 9.170
68.33 8.733
73.19 7.985
T7.66 7.070
82,09 : 5.800
86.59 4.%00
88.83 3.653
91,06 2.953
100,00 0
Noage redius = 4.00

e

e



NACA RM No. SL8K16

|1

ﬁ
Relative wind

a ot se
\z\

vzm

Figure 1l.— System of axes and control—-surface hinge moments and
deflections. DPositive values of forces, moments, and angles
are indicated by arrows. Positive values of tab hinge moments
and deflections are in the same directions as the positive
values for the control surfaces to which the tabs are
attached.
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Figure 3.— Drawing of the stabllizer and horn-balanced elevator of the 0.10-scale model of
_ the XFQF-2 alirplane.

9TIQIS °*ON WH VOVN



M‘z‘?’bw R BT a1 .
o T L Te- - - .
[
L

| =

Q

o

2]

-

=

(o]

o

|

[0)Y

Figure 4.— The 0.10-8cale model of the XFOF—2 airplane mounted on the sting support.
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(3) M = 0.850.
Figure 7.—‘ Concluded.

(1) M = 0.825.
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(a) M = 0.400.

Figure 8.— Effect of elevator deflection on the aerodynamic
model of the XF9F—2 airplane. Horn—-balanced

coefficient, Cm
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Lift coefficient, C;

(b) M = 0.500.

characteristice in pitch of the 0.10-scale
elevator; tanks on; i, = 0°.
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(d) M = 0.650.
Figure 8.— Continued.

(c) M = 0.600.
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(£f) M = 0.750.

(e) M = 0.700.

Figure 8.— Continued.



NACA RM No. SL8K16

0 4w 12444909 604T

~ ~ = S _/_I
O5 15 e | Kows® MWH
...\V«c(\dﬂn I?HU.% lo,Vo/ Mll
Al N
Yy X &
/ i . W
e N
il
5 W § R
AEEERY !
ARE .
N~ w W W o v © ¥

U C1ud12/44209
fuswow - bulystie/

S, (deg)
—a— 545

——
—_——

0
-463
—a— Tai/ off

79 «\Qm\u.\.\.\m,wu so47

8 & ¥ 8 & o
e 1710 bt o Lobs
£ / A A\

1

7

(oSN

|

7

NN e w W
L) YU YJI0D fUIWOUL - OU 1Y I IS

10

8

Y

bap ‘0 Yo0p10 JO 36Ul

Q
™

Y

SRS TSP
b2p ‘> Yoo440 o 3/buULy

Lift coefficient, €,

Lift coefficient, Cp

(n) M = 0.800.

(g) M = 0.775.

Figure 8.— Continued.
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Figure 8.— Concluded.
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Figure 9.— Effect of stabllizer setting on the aerodynamic characteristicas in pitch of the 0.10-scale
model of the XF9F—2 airplane. Plain elevator; tanks on; B = 0°.
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Figure 9.— Continued.
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(f) M = 0.750.

(e) M = 0.700.

Figure 9.— Continued.
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Lift coefficient, G

Lift coefficient, C;

(h) M = 0.800.

(g) M = 0.775.

Figure 9.— Continued.
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(3) M = 0.850.

(1) M = 0.825.

Figure 9.— Concluded.
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Figure 10.— Effect of Mach number on various aerodynamic characteristics, plain elevator.
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